Introduction
Injection Molding is a cyclic process for producing identical articles from a mold, and is the most widely used for polymer processing. The main advantage of this process is the capacity of repetitively fabricating parts having complex geometries at high production rates. Complexity is virtually unlimited and sizes may range from very small to very large. Most polymers may be injection molded, including thermo plastics, fiber reinforced thermo plastics, thermosetting plastics, and elastomers. Critical to the adoption of this high volume, low cost process technology is the ability to consistently produce quality parts.
Table No. 1 Parameters Considered by Various Authors for Process Optimization
The above Table highlights the importance of selection of parameters and the significance of their optimum levels to achieve a robust process or parameter design [1] [2] [3] [4] [5] [6] [7] [8] [9] . The parameters like screw stroke, injection temperature have been found out less important and nozzle temperature has been substituted for barrel temperature. Filling time is dependent on injection speed and injection pressure and hence, need not be considered. Most of the researchers have considered mold temperature as a very important parameter [1] [2] [3] [4] [5] 7] . A module called Mold Temperature Controller (MTC), used to control mold temperature; is very expensive and generally not incorporated in the basic control system. This constrains the effective control of the output of injection molding.In absence of mold temperature controller (MTC), optimization of process parameters can be achieved considering the coolant flow rate along with other process parameters [10] . In cooling system design, design variables typically include the size, location and layout of cooling channels, and the thermal properties, temperature and flow rate of the coolant. The mold temperature modulation can be achieved and in turn the consideration of coolant flow rate as an input parameter for robust process optimization of injection molding. Basic Injection Molding process will be studied, and monitored. Optimization of injection molding process parameters will be carried out using polypropylene (PP) as the molding material, due to its universality as the most common injection molding material. 7 ) orthogonal array 18 rows represent the 18 experiments to be conducted with 7 columns at, 3 levels of the corresponding factors. ANOVA will be used for statistical evaluation of experimental observations. F-Ratio will be used to determine the confidence intervals. 
where MSD is the mean square deviation, w ( the observation) Weight, and i is the iterant n is the number of tests in a trial. Total Sums of Squares of Weights,
For any Factor the Sums of Squares is given by the equation given below: -
III. Experimental Result
The part showed excellent surface texture and specifically "gloss" in terms of commercial terms of product value. The experimental observations and calculated S/N ratios are shown in TABLE No. 4. 1  A  3  2  2  B  3  2  3  C  3  2  4  D  3  2  5  E  3  2  6  F  3  2  7  G  3  2  8  Error  -3  9 Mean -1 TOTAL -v T 18 
Pooling of Error
The combining of column effects to get better estimate error variance is referred to as pooling. The pooling up strategy entails F-test the smallest column effect against the next larger one to see if significance exists. If no significant F-ratio exists, then these two effects are pooled together to test the next larger column effect until some significant F ratio exists. Pooling-up will tend to maximize the number of columns judged to be significant, and it will be used by us to lead us to the verification experiment. The percent contribution and F-ratio of cooling time (D) were insignificant and hence they were pooled with the error estimates along with the degrees of freedom, sums of squares, variance to regenerate the table as result of pooling up strategy employed. (Fig. 2) 2) The Injection Pressure contributes the second highest 26.81% to the output response Weight and is most significant at Level 1 which corresponds to 30 MPa and F-ratio of 42.65 at 99% Confidence Interval (Fig.  3) The Injection speed contributes 7.55% to the output response Weight and is most significant at Level 2 which corresponds to 45 % and F-ratio of 12.01 at 95% Confidence Interval. (Fig. 4) The Coolant Flow Rate contributes 18.64 % to the output response Weight and is most significant at Level 2 which corresponds to 7 LPM and F-ratio of 29.66 at 95% Confidence Interval. (Fig. 5) 3) The Holding Pressure contributes 8.25% to the output response Weight and is most significant at Level 1 which corresponds to 35 MPa and F-ratio of 13.13 at 95% Confidence Interval. (Fig. 6) 4) The Holding Time contributes 3.66 % to the output response Weight and is most significant at Level 2 which corresponds to 1.75 second and F-ratio of 5.843 at 90% Confidence Interval. (Fig. 7) 5) The Cooling Time was considered insignificant due to lower F-ratio and hence was pooled with experimental error value. The pooled error (E p ) contributes 3.1266 % to the output response Weight. (Fig. 8) 
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IV. Analysis of Result
V. Experimental Verification
After performing the statistical analysis on the experimental data, it has been observed that there is one particular level for each factor for which the responses are minimum. Considering these levels as optimal levels a verification experiment is designed and process reliability is verified along with the capability estimate [11] . 
Capability Estimates (6s process variation)
Typically, process variation is defined as 6s, where s is the standard deviation, as an estimate of σ. When data are normally distributed, approximately 99.73% of the data fall within 6 standard deviations (± 3 standard deviations from the mean), and approximately 99% of the data fall within5.15 standard deviations (± 2.575 standard deviations from the mean). Therefore process capability C p = (USL-LSL)/ (6 S e ) C p = 4.042 C pu = ( USL-µ est )/(3 S e ) = 4.8444 C pl = (µ est -LSL)/(3 S e ) = 3.241
Minimum of C pu and C pl is compared with C p and since, C pl <C p it means the process is off-centered.
Verification Result
The verification experiment was conducted and the cooling time was maintained at 6 sec with all other parameters at their optimal levels from TABLE No. 9. The part weight measured at this setting was 96.539 grams with a cycle time of 28 .1 second.
The optimal setting results in a part weight which falls within the process limits defined by the Confidence Level Equation used to verify predictions. Hence the values obtained from the Capability Estimates and the output of the Confirmation Experiment prove that the defined levels of parameters have significant contribution in making the system reliable. it has been observed that the part weight is within the acceptable range. So it can be concluded that the combinations of parameters tend to reach towards optimum settings. 
Highlights of the Experiment
1) Cycle Time was reduced by 4 second as against the cycle time prior to experimentation recorded was 32.4 second. The percent saving in production was 12.5%, we can reasonably comment that productivity was enhanced by 12.5 %.
2) The reduced injection pressure lessens the clamping force required and in turns results in reduced power consumption per part weight due to reduction in power required for clamping. 3) Reduced part weight contributes to material savings.
VI.
Conclusion 1) In search of an optimal parameter combination, (favorable process environment) capable of producing desired quality of the product in a relatively lesser time (enhancement in productivity), the Taguchi methodology has been characteristically successful. 2) The study proposes a consolidated optimization approach using Taguchi"s robust design of optimization .The Methodology could serve in minimizing the cost to customer by enhancing quality and production aspects. 3) In Taguchi L 18 orthogonal matrix experiment, no interactions between the input factors are considered. But some interaction effect may be present during the experiment. This may result in some observations which do not go with the theoretical belief though not observed during the course of experimentation. 4) Since the material is a polymer of specific grade, parallels cannot be drawn in results with analogical experimentations. But, the experimental method can be analogically applied to most of the polymers with some minor deviations.
